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DETAILED ACTION 
Response to Amendment 

1 . This Office Action is in response to applicant's communication filed on 
September 18, 2006, in response to PTO Office Action mailed on June 16, 2006. The 
applicant's remarks were considered with the results that follow. 

2. In response to the Office action mailed on June 16, 2006, claims 1, 3, 8, 9, 14, 
19, and 21 have been amended. No claims have been added or canceled. 
Consequently, claims 1-22 remain pending. 

Response to Arguments 

3. Applicant's arguments with respect to claims 1, 3, 8, 9, 14, 19, and 21 have been 
considered but are moot in view of the new ground(s) of rejection. 
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Claim Rejections - 35 USC § 103 

4. The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 

obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set 
forth in section 102 of this title, if the differences between the subject matter sought to be patented and 
the prior art are such that the subject matter as a whole would have been obvious at the time the 
invention was made to a person having ordinary skill in the art to which said subject matter pertains. 
Patentability shall not be negatived by the manner in which the invention was made. 

5. Claims 1, 2, 5-8 are rejected under 35 U.S.C. 103(a) as being unpatentable over 
Baumgartner (6,108,764) in view of Arimilli (2003/0009643). 

As per claim 1, Baumgatner discloses a digital data processing system, 
comprising: a memory [Fig. 1; memory 18]\ at least one processor having at least one 
associated cache for temporarily caching data from said memory [Fig. 1 ; processor 12; 
cache u]\ at least one device having a device cache, said device cache having a fixed 
number of slots for caching data, each slot caching a cache line of data [Fig. 1 ; I0a-I0m]\ 
and a cache coherency mechanism, said cache coherency mechanism including a 
cache line state directory structure, said cache coherency mechanism selectively 
determining whether to send cache line invalidation messages to said at least one 
device using state information in said cache line state directory structure, wherein at 
least a portion of said cache line state directory structure contains a plurality of cache 
line entries, each entry corresponding to a respective one of said plurality of slots for 
caching data of said device cache [Fig. 2; Directory control logic 58; Coherency Response Logic 
56; Transaction Send Unit (TSU); Data Send Unit (DSU); Transaction Receive Unit (TRU); Data Receive 
Unit (DRU)\ Table V, Table VI]. 



Application/Control Number: 10/760,431 Page 4 

Art Unit: 2188 

However, Baumgartner does explicitly teach a portion of the cache line state 
directory associated with the at least one device contains exactly a fixed number of 
cache line entries, each entry having a fixed correspondence to a unique one of the 
fixed number of slots as claimed. 

Arimilli discloses a portion of the cache line state directory associated with at 
least one device containing exactly a fixed number of cache line entries, each entry 
having a fixed correspondence to a unique one of the fixed number of slots [par. 56] to 
provide a NUMA architecture having improved queing, storage and/or communication 
efficiency (par. 11). 

Since the technology for implementing a computer system with a portion of the 
cache line state directory associated with at least one device containing exactly a fixed 
number of cache line entries, each entry having a fixed correspondence to a unique one 
of the fixed number of slots was well known as evidence by Arimilli, an artisan would 
have been motivated to implement this feature in the system of Baumgartner in order to 
provide a NUMA architecture having improved queing, storage and/or communication 
efficiency. Thus, it would have been obvious to one of ordinary skill in the art, at the time 
of invention by Applicant to modify the system of Baumgartner to include a portion of the 
cache line state directory associated with at least one device containing exactly a fixed 
number of cache line entries, each entry having a fixed correspondence to a unique one 
of the fixed number of slots since this would have provided a NUMA architecture having 
improved queing, storage and/or communication efficiency (par. 1 1) as taught by 
Arimilli. 
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As per claim 2, Baumgatner discloses wherein said device is an I/O bridge 
device (Fig. 1; I/O devices 32 and Mezzanine bus 30]. 

As per claim 5, Baumgartner discloses said digital data processing system 
comprises a plurality of nodes, each node containing at least one processor, a 
respective portion of said memory, and a respective portion of said cache coherency 
mechanism [Fig. 3A]. 

As per claim 6, Baumgartner discloses each said respective portion of said cache 
coherency mechanism in each respective node maintains cache line state information 
for cached data having a real address in the respective portion of said memory 
contained in the node [Fig. 3B]. 

As per claim 7, Baumgartner discloses wherein each said respective portion of 
said cache coherency mechanism in each respective node maintains cache line state 
information for data cached in devices contained in the node [Fig. 3B]. 

As per claim 8, the rationale in the rejection of claim 1 is herein incorporated. 
Baumgartner further discloses wherein said digital data processing system comprises a 
plurality of devices having respective device caches, each said device cache having a 
respective fixed number of slots for caching data, each slot caching a cache line of data 
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[Fig. 1]; and wherein said cache line state directory structure includes a plurality of 
portions, each portion corresponding to a respective one of said plurality of devices, 
each portion containing a plurality of cache line entries, each entry corresponding to a 
respective one of said plurality of slots for caching data of the device cache to which the 
respective portion corresponds [Fig. 2]. 

6. Claims 3-4, 9-22 are rejected under 35 U.S.C. 103(a) as being unpatentable over 
Baumgartner (6,108,764) in view of Arimilli (2003/0009643), and further in view of 
Carpenter (6,115,804). 

As per claim 3, Baumgatner discloses wherein a processor portion of said cache 
line state directory structure contains cache line state for at least one said cache 
associated with a processor, [col. 7, II 59-67]. 

However, Baumgartner does not specifically teach said cache coherency 
mechanism further selectively determining whether to send cache line invalidation 
messages to the processor with which the cache is associated using state information in 
said processor portion of said cache line directory structure as required. 

Carpenter discloses said cache coherency mechanism further selectively 
determining whether to send cache line invalidation messages to the processor with 
which the cache is associated using state information in said processor portion of said 
cache line directory structure [col. 12, 11 1-34] to concurrently store an unmodified copy 
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of a particular cache line in a recent coherency state from which the copy of the 
particular cache line can be sourced by shared intervention (col. 3, II 1-5). 

Since the technology for implementing a computer system having multiple 
caches with sending cache line invalidation messages to the processor with which the 
cache is associated using state information in said processor portion of said cache line 
directory structure was well know as evidenced by Carpenter, an artisan would have 
been motivated to implement this feature in the system of Baumgartner in order to 
concurrently store an unmodified copy of a particular cache line in a recent coherency 
state from which the copy of the particular cache line can be sourced by shared 
intervention. Thus, it would have been obvious to one of ordinary skill in the art at the 
time of invention by Applicant to modify the system of Baumgartner to include sending 
cache line invalidation messages to the processor with which the cache is associated 
using state information in said processor portion of said cache line directory structure 
because it was well known to concurrently store an unmodified copy of a particular 
cache line in a recent coherency state from which the copy of the particular cache line 
can be sourced by shared intervention (col. 3, 11 1-5) as taught by Carpenter. 

However, Baumgartner and Carpenter do not explicitly teach the processor 
portion being separate from the at least a portion of the cache line state directory 
structure associated with the at least one device, the processor portion containing a 
plurality of cache line entries, each entry having a fixed correspondence to a respective 
set of real addresses as claimed. 
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Arimilli discloses the processor portion being separate from the at least a portion 
of the cache line state directory structure associated with the at least one device, the 
processor portion containing a plurality of cache line entries, each entry having a fixed 
correspondence to a respective set of real addresses [Fig. 4; pars 0056, 0058] to 
provide a NUMA architecture having improved queing, storage and/or communication 
efficiency (par. 11). 

Since the technology for implementing a computer system with the processor 
portion being separate from the at least a portion of the cache line state directory 
structure associated with the at least one device was well known as evidence by Arimilli, 
an artisan would have been motivated to implement this feature in the system of 
Baumgartner and Carpenter in order to provide a NUMA architecture having improved 
queing, storage and/or communication efficiency. Thus, it would have been obvious to 
one of ordinary skill in the art, at the time of invention by Applicant to modify the system 
of Baumgartner and Carpenter to include the processor portion being separate from the 
at least a portion of the cache line state directory structure associated with the at least 
one device since this would have provided a NUMA architecture having improved 
queing, storage and/or communication efficiency (par. 1 1) as taught by Arimilli. 

As per claim 4, Carpenter discloses wherein said processor portion of said cache 
line state directory structure contains cache line state for a plurality of caches 
associated with a plurality of processors, said cache coherency mechanism further 
selectively determining whether to send cache line invalidation messages to any of said 
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plurality of processors using state information in said processor portion of said cache 
line directory structure [col. 1 1, II 38-51]. 

As per claim 9, the rationale in the rejection of claims 3 and 8 is herein 
incorporated. 

As per claim 10, the rationale in the rejection of claim 2 is herein incorporated. 

As per claim 1 1 , Carpenter discloses receiving a plurality of data access requests 
for cache lines of data from said device, each data access request from said device 
including data identifying a slot of said device cache in which the cache line will be 
stored [col. 11, II 38-51]; and responsive to receiving each said data access request 
from said device, updating said cache line state directory structure by writing cache line 
identifying information corresponding to the data access request at the entry 
corresponding to the slot in which the cache line requested by the data access request 
will be stored [col. 12, 111-34]. 

As per claim 12, Carpenter discloses wherein said step of maintaining a cache 
line state directory structure comprises maintaining a first portion of said cache line 
state directory structure corresponding to said device cache, and a second portion of 
said cache line state directory structure corresponding to a plurality of caches 
associated with a plurality of processors, said method further comprising the steps of: 
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responsive to each of said plurality of data access requests, accessing said cache line 
state directory structure to determine whether data having a data address referenced by 
the request is contained in any of said plurality of processors [col. 1 1, II 8-26]; for each 
of said plurality of data access requests, determining whether to send an invalidation 
message to any of said plurality of processors based on whether said step of accessing 
said cache line state directory structure determines that data having a data address 
referenced by the request is contained in any of said plurality of processors [col. 1 1, II 
38-51]; and for each of said plurality of data access requests, sending an invalidation 
message to at least one of said plurality of processors responsive to the determination 
made by said step of determining whether to send an invalidation message to any of 
said plurality of processors [col. 12, 11 1-34]. 

As per claim 13, the rationale in the rejection of claim 5 is herein incorporated. 

As per claim 14, the rationale in the rejection of claim 9 is herein incorporated. 

As per claim 15, the rationale in the rejection of claim 2 is herein incorporated. 

As per claim 16, the rationale in the rejection of claim 5 is herein incorporated. 

As per claim 17, Carpenter discloses wherein each said respective portion of 
said cache line state directory structure each respective node contains cache line state 
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information for cached data having a real address in the respective portion of said 
memory contained in the node [Fig. 2]. 

As per claim 18, Carpenter discloses wherein each said respective portion of 
said cache line state directory structure each respective node contains cache line state 
information for data cached in devices contained in the node [Fig. 3A]. 

As per claim 19, the rationale in the rejection of claim 9 is herein incorporated. 
Baumgartner further discloses a cache coherency apparatus for a digital data 
processing system: a communications interface for communicating with a plurality of 
devices [Fig. 1]; and cache coherence control logic which selectively generates 
invalidation messages responsive to events affecting the validity of cached data, said 
cache coherence control logic determining whether to send cache line invalidation 
messages to said first device using state information in said at least a portion of said 
cache line state directory structure corresponding to said cache in said first device [Fig. 
2]. 

As per claim 20, the rationale in the rejection of claim 2 is herein incorporated. 
As per claim 21, the rationale in the rejection of claim 3 is herein incorporated. 
As per claim 22, Baumgartner discloses wherein said cache coherency 
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apparatus is embodied in a single integrated circuit chip, said integrated circuit chip 
being separate from said first device [Fig. 2]. 

Conclusion 

7. Applicants amendment necessitated the new ground(s) of rejection presented in 
this Office action. Accordingly, THIS ACTION IS MADE FINAL. See MPEP 

§ 706.07(a). Applicant is reminded of the extension of time policy as set forth in 37 
CFR 1.136(a). 

A shortened statutory period for reply to this final action is set to expire THREE 
MONTHS from the mailing date of this action. In the event a first reply is filed within 
TWO MONTHS of the mailing date of this final action and the advisory action is not 
mailed until after the end of the THREE-MONTH shortened statutory period, then the 
shortened statutory period will expire on the date the advisory action is mailed, and any 
extension fee pursuant to 37 CFR 1.136(a) will be calculated from the mailing date of 
the advisory action. In no event, however, will the statutory period for reply expire later 
than SIX MONTHS from the date of this final action. 

8. When responding to the office action, Applicant is advised to clearly point out the 
patentable novelty that he or she thinks the claims present in view of the state of the art 
disclosed by references cited or the objections made. He or she must also show how 
the amendments avoid such references or objections. See 37 C.F.R. 1.111(c). 
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9. Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to Mardochee Chery whose telephone number is (571) 
272-4246. The examiner can normally be reached on 8:30A-5:00P. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Manonama Padmanabhan can be reached on (571) 272-4210. The fax 
phone number for the organization where this application or proceeding is assigned is 
703-872-9306. 

Information regarding the status of an application may be obtained from the 
Patent Application Information Retrieval (PAIR) system. Status information for 
published applications may be obtained from either Private PAIR or Public PAIR. 
Status information for unpublished applications is available through Private PAIR only. 
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 
you have questions on access to the Private PAIR system, contact the Electronic 
Business Center (EBC) at 866-217-9197 (toll-free). 

November 27, 2006 




Mardochee Chery 
Examiner 
AU2188 



